The pivotal role of serotonin (5-hydroxytryptamine, 5-HT) in sleep regulation has been the mainstay of the monoamine theory of sleep (Jouvet 1972) . Although the views about the functions of this neurotransmitter have evolved, there is little doubt about its involvement in sleep mechanisms (McCormick 1992) . Serotonergic neurons of the nucleus raphe dorsalis are most active during wakefulness and have been proposed to participate in the build-up of sleep propensity (Adrien 1995). Animal studies revealed that these neurons decrease firing upon transition from wakefulness to nonREM sleep (NREMS), and become quiescent during REM sleep (REMS). Thus, deactivation of the serotonergic system may facilitate the production of NREMS and REMS (Adrien 1995). One of the complexities in accounting for the actions of 5-HT is the large number of different receptors and receptor subtypes. 5-HT receptors are classified into four distinct classes, comprising seven fully characterized functional receptor subtypes and several recombinant receptors (Hoyer and Martin 1996) . While the involvement of three main classes (i.e., 5-HT 1 , 5-HT 2 , and 5-HT 3 receptors) in the regulation of sleep and wakefulness has been studied, it is the postsynaptic 5-HT 1A receptor that seems to mediate the inhibition of REMS and the promotion of wakefulness, whereas activation of the 5-HT 2 receptor may exert a tonic inhibition of slow wave sleep (SWS) (see Adrien 1995 for review). In relation to sleep homeostasis, the latter is of particular interest because 5-HT 2 antagonists were shown to increase the amount of SWS and to enhance EEG slow-
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SWA represents a physiological marker of the homeostatic facet of sleep regulation (Borbély and Tononi 1998) . It shows typically a declining trend across successive NREMS episodes and has been considered to be an indicator of NREMS intensity. Sleep loss enhances SWA and daytime sleep attenuates it (Borbély et al. 1981; Aeschbach et al. 1996; Werth et al. 1996) . During the transition from waking to sleep, the activity of the ascending monoaminergic reticular pathways is progressively reduced which leads to a hyperpolarization of thalamocortical neurons (McCormick and Bal 1997) . A moderate hyperpolarization results in fluctuations of the membrane potential in the frequency range of sleep spindles, whereas a strong hyperpolarization gives rise to fluctuations in the slow-wave range (Steriade et al. 1993 (Steriade et al. , 1994 . These changes at the cellular level are mirrored by the sleep EEG, which exhibits sleep spindles in stage 2 of NREMS and slow waves during deep NREMS (i.e., stages 3 and 4). Application of 5-HT to thalamocortical neurons may block rhythmic burst firing and suppress slow synchronized oscillations (McCormick 1992) . Animal studies suggest that these effects are mediated via 5-HT 2 receptors (McCormick and Wang 1991; Bobker 1994) .
It was shown repeatedly that the physiological enhancement of "sleep pressure" by sleep deprivation enhances power density in the entire delta and theta frequency range ( ‫ف‬ 0.5-10 Hz), whereas power in the frequency band of sleep spindles (12-15.0 Hz) is reduced (Borbély et al. 1981; Dijk et al. 1990 Dijk et al. , 1993 Aeschbach et al. 1996) . Both SWA and spindle frequency activity (SFA, power within 12.25-15.0 Hz) were shown to rise more rapidly than in baseline in the beginning of recovery sleep (Dijk et al. 1990; Aeschbach et al. 1996) . Recent studies demonstrated that these EEG changes reflecting sleep regulatory mechanisms show distinct regional differences. Thus in the first two sleep cycles, SWA recorded from frontal derivations was more prominent than SWA from more posterior derivations, a difference that vanished in the later sleep cycles (Werth et al. 1997) . The possibility that restorative processes of NREMS are most intense over the frontal cortex is also supported by a sleep deprivation experiment (Werth et al. 1998 ). These observations prompted us to perform a topographical analysis in the present study and to see whether interference with the serotonergic system has specific regional effects.
The development of specific 5-HT 2 receptor antagonists provided new tools to investigate the role of the serotonergic system in sleep regulation. SR 46349B is a novel, potent and selective 5-HT 2A receptor antagonist in rodents (Rinaldi-Carmona et al. 1992) . It was administered to healthy young subjects to investigate its effects on the sleep EEG and to compare them with the changes that had been previously observed after sleep deprivation. The main question addressed in the present study was whether this 5-HT 2 antagonist mimics the effects of physiological sleep intensification. In view of the close association between body temperature and sleep regulation, and the involvement of central 5-HT 2 receptors in thermoregulation (Schwartz et al. 1995) , rectal temperature was measured during all sleep episodes.
METHODS

Subjects and study protocol
Male volunteers from the student populations of the University of Zürich and the Swiss Federal Institute of Technology were recruited for participation in this study. After a telephone screening, they were invited to the sleep laboratory to complete a questionnaire on subjective sleep quality, current sleep-wake habits, medical history, and the use of caffeine and ethanol. They all reported being good sleepers, being in good health and were not taking any medication or consuming any illicit drugs. They underwent a physical examination including routine screening laboratory tests of blood and urine. They were asked to keep a sleep-, caffeine-, and ethanol-log during one week. Subsequently, the subjects were screened by polysomnography in the sleep laboratory to exclude sleep disturbances such as sleep apnea and nocturnal myoclonus. Written informed consent was obtained prior to the screening night. Subjects with sleep apnea, a nocturnal myoclonus-index of ten or more per hour of sleep, and a sleepefficiency of less than 70% were excluded. Ten healthy, right-handed men with a mean age of 22.0 Ϯ 0.3 (SEM) years (range: 20-25 years) and a mean body-mass index (BMI) of 21.5 Ϯ 1.2 (SEM) kg/m 2 (range: 19.7-24.1 kg/ m 2 ) were selected and paid for participation. Their diaries and questionnaires revealed regular time in bed between approximately 2300 and 0700 hrs and no subjective sleep disturbances. All subjects were nonsmokers and reported a consumption of less than eight alcoholic drinks per week, and less than three caffeine-containing beverages (coffee, tea, cola drinks) per day. At least three days prior to each sleep recording and during the experiment, the subjects were asked to abstain from ethanol and caffeine. During the pre-study week, they also were instructed to keep a regular sleep-wake cycle with sleep scheduled from 2300 to 0700 hrs. Compliance with these instructions was verified on the basis of records from activity monitors worn on the wrist of the non-dominant arm as well as by determination of the breath-ethanol concentration and the level of caffeine in saliva upon arrival in the sleep laboratory (at approximately 1930 hrs). Breath-ethanol concentrations were measured with a Lion Alcometer S-D2 (Lion Laboratories plc., Barry, Wales, UK). Saliva samples were stored at Ϫ 20 Њ C and later assayed for caffeine with an EMIT ® -Caffeine Test (Syva Company, Palo Alto, CA). The caffeine level in the subjects' saliva was invariably below the limit of detection (1.0 mol/l) and no ethanol in their breath was detected.
The study protocol was approved by the local ethical committee for research on human subjects and consisted of two sessions of two consecutive nights. On each session, an adaptation night was followed by an experimental night. Subjects slept in the completely dark and sound attenuated bedrooms of the sleep laboratory from 2300 to 0700 hrs. At 2000 hrs prior to the scheduled experimental nights they received a tablet which either contained 1 mg SR46349B or placebo (manufacturer: SANOFI Recherche, Montpellier Cédex 4, France). Thus, a single oral dose of SR 46349B was administered to each subject according to a randomized, placebo-controlled, double-blind, cross-over design. A 1-mg dose was chosen on the basis of previous, unpublished dose-response studies.
Fifteen minutes after awakening, subjective sleep quality (estimated sleep latency, perceived number of awakenings, estimated wake duration after sleep onset, sound vs. fragmented sleep, and superficial vs. deep sleep) and self-rated state (recuperated vs. tired, bad mood vs. good mood, lack of energy vs. full of energy, tense vs. relaxed, and unable to concentrate vs. able to concentrate) were assessed by a questionnaire and 100-mm on some live visual analogue scales.
Polygraphic recordings, heart rate and core body temperature
The electroencephalogram (EEG), electrooculogram (EOG), submental electromyogram (EMG), electrocardiogram (ECG), and rectal temperature were recorded by a polygraphic amplifier (PSA24, Braintronics Inc., Almere, The Netherlands), digitized, and transmitted via fiber-optic cables to a personal computer. EEG electrodes were placed at the locations F3, F4, C4, P3, P4, O1, O2, Cz, and A2, and referenced against C3. EEG, EOG, and EMG signals were conditioned by the following analogue filters: a high-pass filter ( Ϫ 3 dB at 0.16 Hz), a low-pass filter ( Ϫ 3 dB at 102 Hz, Ͻ Ϫ 40 dB at 256 Hz), and a notch filter (50 Hz). Data were sampled with a frequency of 512 Hz, digitally filtered (EEG: low-pass FIR filter, Ϫ 3 dB at 49 Hz; EMG: band-pass FIR filter, Ϫ 3 dB at 15.6 and 54 Hz), and stored on hard-disk with a resolution of 128 Hz. Subsequently, power spectra for consecutive 4-s epochs, weighted by application of a 10% cosine window, were computed by a Fast-Fourier transform routine, resulting in a frequency resolution of 0.25 Hz. Values above 25 Hz were omitted. Sleep stages were visually scored from the records of the C3A2 derivation for consecutive 20-s epochs according to the criteria of Rechtschaffen and Kales (1968) . Power spectra of five consecutive 4-s epochs were averaged and matched with the sleep scores. Four-s epochs with artifacts were identified and eliminated. Consecutive NREM-REMS cycles were defined according to modified criteria of Feinberg and Floyd (1979) . NREMS episodes starting with stage 2 and containing at least 15 minutes of the stages 2, 3 and 4 were succeeded by REMS episodes of at least 5 minutes duration. For the completion of the first cycle no minimal criterion for the REMS duration was applied. With the exception of two sleep episodes, at least four NREM-REMS cycles were completed in all experimental nights.
Regional differences were investigated by comparing the spectra of the bipolar derivations along the antero-posterior axis. Due to artifacts, the data of two subjects had to be excluded from the topographical analyses.
One value of heart rate (beats per minute, as calculated from the mean time interval between consecutive R-waves) and one value of core body temperature were stored every 20 sec. Due to technical problems the temperature data of two subjects were lost.
Statistics
For statistical analyses the SAS General Linear Model procedure (SAS Institute Inc., Cary, NC) with Greenhouse-Geisser correction was used (if a factor had more than two levels). Visually scored sleep variables, EEG power spectra in NREMS and REMS, the time course and evolution of SWA and in the first four NREMS episodes, and regional differences of EEG spectra were analyzed. Significant effects of the treatment and differences between bipolar derivations were assessed using one-, two-, and three-way analyses of variance for repeated measures (rANOVA). Statistical models included terms for the between factor 'sequence' and multiple within factors as described in the Results section. The significance level was set at p Ͻ 0.05. To approximate the normal distribution, values of sleep latency, REMS latency, absolute power densities and ratios of power densities between derivations were logtransformed prior to statistical tests.
RESULTS
Sleep variables derived from visual scoring and subjective sleep quality
The major change induced by the drug consisted of the large increase of SWS as well as its constituent stages 3 and 4 (Table 1 and Table 2 ). While the enhancement of SWS reached the highest level in the second NREMS episode, it was increased in each of the first three episodes. In contrast, stage 2 was reduced in the second NREMS episode. Waking after sleep onset and the combined arousal variable (wakefulness ϩ movement time ϩ stage 1) did not differ significantly from the placebo level, but movement time was reduced. There was no significant difference in the all-night duration of REMS. However, when expressed as a percentage of total sleep time, REMS was decreased ( Table 2 ). The duration of the second and the third NREMS episodes were prolonged (Table 1) .
No significant differences between the placebo and treatment nights were observed for sleep episode, total sleep time, sleep efficiency, latency to stage 1, latency to stage 2, and REMS latency (Table 2) .
State variables in the morning, and subjective sleep quality did not differ significantly between the treatments.
EEG power spectra
Figure 1 is a composite representation of the sleep stage profiles and EEG SWA from a subject after placebo (upper panel) and drug treatment (lower panel). Note the increase in stage 3 and 4 sleep and the concomitant enhancement of SWA in the drug night. The comparison of corresponding NREMS episodes reveals enhanced SWA in the second and following episodes. In the mean all-night power spectra shown in Figure 2 , the values for the drug night are expressed as percentage of the placebo night. Power density values were averaged into 0.5-Hz (0.25-5.0 Hz) and 1.0-Hz (5.25-25.0 Hz) bins. The spectra were calculated separately for NREMS (stages 2, 3, and 4), stage 2, SWS, and REMS. The NREMS spectrum showed a bimodal pattern in the low-frequency range. The major peak was situated at 1.5 Hz and a secondary peak at 6 Hz. Within the 11.25-14.0 Hz and 15.25-19.0 Hz range, the drug values were below the placebo level, the minimum corresponding to the 12.25-14.0 Hz spindle frequency range. The changes in the spectra were most pronounced in the second and third NREMS episode (data not shown). The spectrum in stage 2 was very similar to that of NREMS with the exception that the enhancement was restricted to the low-frequency range (р 3 Hz). In contrast, the SWS spectrum did not exhibit an increase of SWA. Power in the 2.75-3.0 Hz bin was even below the placebo level. The increased SWA in stage 2 and the absence of an increase in SWS is also evident in the records shown in Figure 1 . In REMS, power density was reduced in two bins of the delta band (2.75-3.25 Hz).
Dynamics of slow-wave activity (SWA) and spindle frequency activity (SFA)
In both the placebo and drug condition SWA was high in NREMS and low in REMS, and a declining trend was present over consecutive NREMS episodes. In Figure 3 (upper panel) the enhancement of SWA by SR 46349B is evident. This was confirmed by a rANOVA with the within factors 'treatment' (placebo, SR 46349B) and 'timebin' (1-20) which revealed a significant effect of the factor 'treatment' for NREMS episodes 2 and 3 (F 1,8 ϭ 263.5, p Ͻ .0001 and F 1,8 ϭ 24.1, p Ͻ .001, respectively). A statistical trend for 'treatment' was present for episodes 1 and 4 (F 1,7 ϭ 4.8, p Ͻ .07 and F 1,7 ϭ 3.8, p Ͻ .1).
The typical pattern of SFA with low values in REMS episodes, and a higher level, U-shaped pattern in NREMS, was present in both conditions. However, SFA was significantly lower in the drug night in all four NREMS episodes ( Figure 3 , lower panel; rANOVA, within factor 'treatment': NREM-1: F 1,7 ϭ 7.4, p Ͻ .03; NREM-2: F 1,8 ϭ 17.8, p Ͻ .003; NREM-3: F 1,8 ϭ 15.2, p Ͻ .005; and NREM-4: F 1,7 ϭ 11.3, p Ͻ .02). The global pattern during the first four NREMS episodes was simi- 
Evolution of SWA and SFA in the first four NREMS episodes
The build-up of SWA and SFA in the first part of NREMS episodes, and the decline in the final part of the episodes, are illustrated in Figure 4 . Values for consecutive 2-min epochs are plotted for the first and last 30 min of each episode. For each 30-min interval a significant effect of '2-min epoch' was revealed by rANOVA for SWA and SFA (data not shown). SWA values of several 2-min bins of episodes 2, 3, and 4 were higher after drug treatment than after placebo. To analyze the rise rate of SWA, the median of the differences of adjacent 2-min values was computed for the interval from Ϫ2 min to ϩ20 min for each NREMS episode. A significantly higher rise rate was observed for the drug condition in the second (6.4 vs. 19.8%/2 min) and fourth episodes (2.0 vs. 3.9%/2 min; rANOVAs with within factor 'treatment: F 1,8 ϭ 10.7, p Ͻ .02 and F 1,8 ϭ25.7, p Ͻ .01, respectively), and a similar tendency prevailed in the third episode (5.1 vs. 8.5%/2 min, F 1,8 ϭ 3.4, p ϭ .1).
SFA showed a rapid initial rise reaching the peak value after 5-10 min after the onset of NREMS, and decreased thereafter. In the last 30 min of NREMS, a transient increase preceded occasionally the sharp decline in the first three NREMS episodes. This typical time course of SFA was preserved after drug administration (rANOVA: 'treatment' ϫ '2-min epoch', p у .09 in the initial and final 30 min of the first four NREMS episodes). Nevertheless, the SFA values were below the placebo level in several 2-min epochs as shown by the statistics in Figure 4 .
Regional differences of the EEG spectra
The six panels on the right side of Figure 5 show the relative NREMS spectra of the drug night for three bipolar derivations along the antero-posterior axis recorded from the left and right hemisphere. Absolute spectra averaged over both hemispheres are shown in the left column of the figure. The pattern of changes seen for the referential derivation (Figure 2 ) was present also for the bipolar derivations. It consisted of a main peak in the low delta band, a secondary peak around 6 Hz and a trough at 13 Hz. Significant deviations from placebo are indicated by the F-values at the bottom of the panels (rANOVA with within factor 'treatment').
The regional differences of the bipolar derivations along the antero-posterior axis are indicated in Figure 6 where the mean values of the middle (CP) and posterior derivations (PO) are expressed as a percentage of the anterior derivation (FC). The F-values of a rANOVA with the within factors 'A-P derivation' (FC, CP, PO), 'L-R derivation' (left hemisphere, right hemisphere) Figure 2 . EEG power density (C3A2-derivation) in non-REM sleep (NREMS, stages 2, 3, and 4), stage 2 (S2), slow wave sleep (SWS, stages 3 and 4) and REM sleep (REMS) after SR 46349B administration. For each frequency bin (•, Ϯ 1 SEM, n ϭ 10), means were expressed as a percentage of the corresponding value after placebo (horizontal dashed lines at 100%). Values are plotted at the upper limit of the bins. Triangles at the bottom of the panels indicate frequency bins which differed significantly from placebo (p Ͻ .05, rANOVA with within factor 'treatment'); their orientation indicates the direction of deviation from placebo. and 'treatment' confirm that significant regional differences prevail in the 1.125-2.0 Hz and 4.375-14.5 Hz range ( Figure 6, middle panel) . Although the regional differences were similar for the placebo and drug condition, a significant interaction 'treatment' ϫ 'A-P derivation' was present in the 9.125-12.0 Hz range as well as in most bins within the 13.375-16.0 Hz band. The latter was due to the anterior shift of power in these frequency bins. The interaction 'treatment' ϫ 'L-R derivation' (hemispheres) and the 3-way interaction 'treatment' ϫ 'A-P derivation' ϫ 'L-R derivation' were not significant.
Core body temperature
Rectal temperature declined in the first 6 hours of sleep and showed an increasing trend in the last 2 hours ( Figure  7 ). However, temperature was lower in the drug night than in the placebo night. The difference of the mean values in hour 5-6 was 0.24ЊC. A rANOVA with the within factors 'treatment' and 'hour' (1-8) revealed significant effects of 'treatment' (F 1,6 ϭ 6.3, p Ͻ .05) and 'hour' (F 7,42 ϭ 10.1, pϽ0.004; 'treatment' ϫ 'hour': F 7,42 ϭ 0.7, n.s.).
DISCUSSION
The present study shows that a single oral dose of 1 mg SR 46349B, a potent and selective 5-HT 2 receptor antagonist, affects the sleep stages and EEG power spectra of young healthy men. The principal effect consisted of a massive increase of SWS and SWA. Similar changes had been reported for the less selective 5-HT 2 antagonists ritanserin and seganserin (Idzikowski et al. 1986; Declerck et al. 1987; Borbély et al. 1988; Dijk et al. 1989) . In previous studies, also a 10-mg dose of the 5-HT 1A agonist ipsapirone enhanced SWA in the first two hours of NREMS (Seifritz et al. 1996 ), yet did not increase SWS (Gillin et al. 1994 . The effects of ipsapirone on EEG power spectra in NREMS were remarkably similar to those induced by seganserin (Seifritz et al. 1996) . These results and single unit recordings (Ashby et al. 1994 ) support the notion that inhibitory 5-HT 1A receptors and excitatory 5-HT 2 receptors mediate opposite changes. Unlike ritanserin (Borbély et al. 1988) , seganserin (Dijk et al. 1989) , and ipsapirone (Tissier et al. 1993; Gillin et al. 1994 Gillin et al. , 1996 Driver et al. 1995) , SR 46349B did not influence the amount and the latency to REMS.
Hypothermia is also a well-known effect of the 5-HT 1A agonist ipsapirone (Lesch et al. 1990 ). The slight hypothermia induced by SR 46349B demonstrates that the 5-HT 1A and 5-HT 2 receptors mediate opposite changes also at the level of thermoregulation.
There were striking similarities between the effects of SR 46349B and those induced by sleep deprivation (SD). Specifically, after both interventions: 1) the maximum increase of delta frequency activity was at 1.5 Hz (SD: Borbély et al. 1981 Borbély et al. , 1984 Dijk et al. 1990 Dijk et al. , 1993 Tobler and Borbély 1990; Aeschbach et al. 1996 ) (SR 46349B: Figure 2) ; 2) the build-up rate of SWA within NREMS episodes was increased (SD: Dijk et al. 1993; Aeschbach et al. 1996 ) (SR 46349B: Figure 4) ; and 3) SFA was reduced (SD: Borbély et al. 1981; Dijk et al. 1990 Dijk et al. , 1993 ) (SR 46349B: Figures 3 and 4) . These findings suggest that 5-HT 2A receptors are involved in the regulation of SWS. However, since the selective specificity of SR 46349B for 5-HT 2A receptors has been so far demonstrated only in rodents (Rinaldi-Carmona et al. 1992) , this aspect needs to be confirmed in humans.
There were also differences from the physiological effects. For one, unlike the typical unimodal increase of power in the delta and theta band following prolonged waking, the relative spectra of the present study had a bimodal appearance with a trough at 3.5-5 Hz. The trough appears to be a state independent feature, since it was present in both SWS and REMS (Figure 2 ). An association of this bimodal spectral pattern with the serotonergic system is supported by the observation that it is common to both 5-HT 2 antagonists, i.e., seganserin in humans (Dijk et al. 1989 ) and ritanserin in rats (Borbély et al. 1988) , and 5-HT 1A agonists, i.e., ipsapirone (Sei- Mean values are plotted in the middle of the bins. Vertical bars above the abscissae represent significant log. F-values of a rANOVA on log-transformed absolute power density values with the within factor 'treatment' (df ϭ 1,6). fritz et al. 1996) . Another difference from the physiological changes was that low-frequency EEG activity was increased only in stage 2 (Figure 2 ), whereas prolonged waking had been shown to enhance SWA also in SWS and REMS (Borbély et al. 1981) . Moreover, unlike after recovery from SD, the second and third NREMS episodes were prolonged. This suggests that antagonism at 5-HT 2 receptors promotes the maintenance of synchronized EEG activity without enhancing maximal SWA beyond the usual level. The reduction of SFA at the expense of SWA seems to reflect the promotion of 'deep NREMS'. The finding that NREMS does not appear to be intensified beyond the baseline level is in accordance with the observation that sleep was not perceived to be deeper than usual.
Different effects at the level of 5-HT receptors may be responsible for the discrepancies between physiological and pharmacological effects. In the present study, blockade of 5-HT 2 binding sites may have prevented depolarization of thalamocortical neurons by their natural ligand (McCormick 1992; Bobker 1994) , and prolonged burst-pause firing and EEG synchronization. In contrast, due to continued 5-HT release during wakefulness (Portas et al. 1998 ), the serotonergic system may be desensitized after SD. Functional desensitization of endogenous 5-HT 2 receptors associated with a partial down-regulation of receptor number has been demonstrated recently in vitro after treatment with 5-HT (Saucier et al. 1998) .
The topographic analysis along the antero-posterior axis revealed robust derivation effects that correspond to those reported previously (Werth et al. 1997 ). The typical drug-induced changes were evident in all bipolar derivations. Nevertheless, the subtle yet significant interactions between treatment and derivation showed that the compound did affect the spatial distribution of EEG power. Interestingly, the significant interaction included not only the frequency range around 15 Hz in which drug-induced changes were manifest, but also frequencies at 10 Hz where no significant treatment effects were seen. These selective changes may be related to the regional distribution of cortical 5-HT 2 receptors (Pazos et al. 1987) and demonstrate that the spatio-temporal analysis of the sleep EEG may disclose novel effects in pharmacological studies.
In conclusion, the antagonism of 5-HT 2 receptors mimics the effects of sleep deprivation by enhancing SWA and attenuating SFA. However, unlike after prolonged waking, it is the duration of the NREMS fraction dominated by high SWA, which is increased, rather than NREMS intensity as reflected by the level of SWA in SWS (Figure 2) . Moreover, perceived sleep intensity is not augmented. The 5-HT 2 receptor antagonist induces a bimodal pattern in the NREMS spectrum which differs from the unimodal pattern seen after sleep deprivation. The bimodality is caused by a state independent reduction of power at 2-3 Hz. This effect has been reported for other 5-HT 2 receptor antagonists, as well as for a 5-HT 1A agonist. Hypothermia may represent a similar common feature of 5-HT 2 antagonists and 5-HT 1A agonists. The present results show that altering the balance between 5-HT 2 and 5-HT 1A receptor activity may be necessary, but is not sufficient, for inducing the changes in the EEG spectrum which are typically seen after sleep deprivation.
